There is a high prevalence of congenital heart disease in patients with Down syndrome. Atrioventricular (AV) canal defects, ventricular septal defects, and a patent ductus arteriosus are most commonly seen. The authors present a patient with a unique constellation of findings, including an AV canal defect, pulmonary artery sling, and an aberrant right subclavian artery diagnosed on a screening echocardiogram. Additional imaging modalities confirmed this atypical concurrence of congenital heart defects and also proved the accuracy of echocardiography in diagnosing rare combinations of congenital heart disease.
Down syndrome occurs in approximately 1 out of every 600 to 800 live births, with about 61% of these patients having some form of congenital heart disease. 1 Atrioventricular (AV) canal defect is one of the most common heart defects seen in patients with Down syndrome. 2 However, other forms of congenital heart disease can be present in conjunction with AV canal defect, and care should be taken to define anatomy and determine the presence of associated defects that may alter the clinical course and require treatment. 3 We present a Down syndrome patient with a balanced complete AV canal defect in association with pulmonary artery sling and a left aortic arch with an aberrant right subclavian artery.
Case Study
The patient was born at 38 weeks' gestation with a history of an abnormal fetal echocardiogram and a positive amniocentesis confirmation for Down syndrome. At birth, a grade 2/6 systolic murmur was heard at the left upper sternal border. The patient showed typical dysmorphic features consistent with Down syndrome. An echocardiogram was performed and demonstrated a complete AV canal defect, Rastelli A type ( Figure 1 ). This consisted of a small primum atrial septal defect (ASD), an additional patent foramen ovale, a small AV canal-type ventricular septal defect (VSD), and a common AV valve with mild central AV valve regurgitation. All aspects of the AV canal defect were seen best in the apical four-chamber view. A large bidirectionally shunting patent ductus arteriosus (PDA) was also noted, seen in a high left parasternal short-axis view. Aortic arch imaging demonstrated a left aortic arch with aberrant right subclavian artery ( Figure 2 ). The left pulmonary artery was seen in parasternal shortaxis views, originating from the distal right pulmonary artery, forming a pulmonary artery sling ( Figure 3 ). 4 Video airway fluoroscopy and esophogram were performed to confirm diagnoses and evaluate the mass effect on the esophagus. The impression confirmed both posterior compression of the esophagus consistent with the diagnosis of an aberrant right subclavian artery 5 and separation between the distal trachea and the mid-esophagus consistent with the diagnosis of pulmonary artery sling. Prior to AV canal and pulmonary artery sling repair, the patient underwent cardiac magnetic resonance imaging (MRI) that was consistent with the echocardiographic findings.
The patient underwent elective surgical repair of the AV canal defect, pulmonary artery sling, and ductus arteriosus ligation at 6 months of age. Postoperative echocardiogram demonstrated no residual atrial-level shunt, a trivial residual VSD, and no ductus arteriosus. The left pulmonary artery arose from the distal main pulmonary artery, with laminar Doppler flow characteristics.
Discussion
AV canal defect is present in 45% of Down syndrome patients. 6 It is caused by abnormal development of the endocardial cushions. In these patients, the superior and inferior cushions do not close completely. The failure of these cushions to fuse results in a primum ASD, improper AV valve formation, and a VSD. 7 Patients undergo surgical repair depending on the size of the septal defects and severity of AV valve regurgitation. 8 Smaller defects with minimal valve regurgitation may not require surgery. The patient also had a left aortic arch with aberrant right subclavian artery, which has been noted in 38% of patients with Down syndrome versus an incidence of 0.5% in the general population. 9 It is the most common blood vessel malformation present at birth. 10 The right subclavian artery has a separate retroesophageal origin rather than bifurcating from the innominate artery. 11 It courses posterior to the esophagus, causing compression. In addition, the patient had a pulmonary artery sling, a rare form of vascular ring. This anomaly occurs when the left pulmonary artery arises from the posterior aspect of the right pulmonary artery, coursing leftward between the trachea and esophagus and wrapping around the right bronchus. 12 This complex case of congenital heart disease in a patient with Down syndrome was accurately diagnosed by echocardiogram. Although AV canal defects and left aortic arch with aberrant right subclavian arteries are common anomalies in the Down syndrome population, a left pulmonary artery sling has been described only once before in the Portuguese literature in association with trisomy 21 and endocardial cushion defect. 13 The rarity of the combination of congenital heart disease in this patient emphasizes the importance of a complete and accurate screening echocardiogram. The use of 
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fluoroscopy did not define the anatomy and resulted in exposure to ionizing radiation in this neonate. Children are inherently more radiosensitive and are at greater risk of developing radiation-induced cancer from a given dose of radiation. 14 Although multiple imaging modalities were used in confirming this unique form of congenital heart disease, echocardiography proved to be accurate and noninvasive. 15 If necessary, MRI can be used to confirm the echocardiographic diagnosis and demonstrate the relationship between vascular anatomy and the airway without exposing the patient to ionizing radiation. 16 
Conclusion
Although AV canal defect is a frequent form of congenital heart disease in patients with Down syndrome, it may be seen in association with other clinically significant heart defects. In this case report, we described a patient with AV canal defect in association with a pulmonary artery sling and aberrant right subclavian artery. The complexity of this heart disease underscores the need to perform a complete and accurate sonographic evaluation in all patients with Down syndrome.
